SEMICONDUCTOR DEVICE 



CROSS-REFERENCE TO RELATED APPLICATION 

The present application claims the benefit of patent 
application No. 2003-90283 filed in Japan on March 28, ,2003, 
the subject matter of which is hereby incorporated herein 
by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a high-frequency, 
high power semiconductor device, and more particularly,, to 
a semiconductor device which is used in. a high-frequency 
range of 800 MHz or higher. 

2. Description of the Related Art ■ . - 

A high power FET has generally a structure in which 
FET cells, each formed by one set of a gate electrode, a 
drain electrode and . a source electrode, are arranged 
parallel to each other. When an electrode width Wgu is 
made wider and the number of FET cells is increased to 
thereby extend an overall gate width Wgt, a high power 
output is obtained. 

However, widening of the electrode width Wgu gives 
rise to a problem that a source inductance Ls increases and 
a maximum gain of the FET becomes small. While an 
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alternative to this is to connect a plurality of FETs by an 
• external synthesis circuit without increasing the number of 
FET cells included in the FETs to thereby obtain a high 
■ power output while preventing a drop in FETs' maximum gain, 
5 when a synthesis circuit is externally disposed, a problem 
of increased costs arises* 

There is another problem that since all gate 
electrodes, are connected with one or more gate wires in a 
high power FET, the circuit can not be stabilized in the 
10 units of cells or cell blocks which are groups of cells and 
the FET oscillates in an internal loop. 

SUMMARY OF THE INVENTION 

The present invention aims at providing a high power 

15 FET in which the electrode width Wgu is extended and/or the 
number of FET cells contained in -the FET is increased 
without decreasing the FET's maximum gain. 

The present invention is directed to a high power 
semiconductor device in which there are a plurality of gate 

20 electrodes. The device includes an active region of an 
approximately rectangular shape which is formed on a 
semiconductor substrate; a drain, electrode which is formed 
on the active region; and a first and a second source 
electrodes which are disposed on the both sides to the 

25 drain electrode in such a manner that the first and the 
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second source electrodes face each other across the gate 
- electrodes. The directions of currents carried by the 
first and the second source electrodes are opposite to each 
other. 

5 The present invention is directed also to a high power 

semiconductor device in which there are a plurality of 
source electrodes . The device includes an active region of 
an approximately rectangular shape which is formed on a 
semiconductor substrate; a plurality of source electrodes 

10 .which are formed on . the active region; a drain electrode 
which is disposed such that the drain electrode faces the 
source electrodes across a gate electrode; and a bridge 
wire which is disposed above the source electrodes and 
connects the source electrodes with each other. The source 

15 electrodes are connected with each other by the bridge wire- 
so that the directions of currents carried by the source 
electrodes are alternately opposite to each other. 

As clearly described above, the semiconductor devices 
according to the present invention yield ' a high power 

2 0 output without decreasing a maximum gain. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a top view of the semiconductor device 
according to the preferred embodiment 1 of the present 
25 invention; 



Fig. 2 shows a result of the calculation conducted on 
a relationship between the number of the cells which are 
included in the semiconductor device and the source 
inductance Ls per cell; 

Fig. 3 shows a result of the calculation conducted on 
Wgu of the semiconductor device and the source inductance 
.Ls per cell; 

Fig. 4 shows a relationship between the number of the 
cells included in the semiconductor device according to the 
preferred embodiment 1 of the present invention and the 
maximum gain; ' > 

Fig. 5 shows a relationship between the. number of 
cells included in a conventional semiconductor . device and 
the maximum gain; 

Fig. . 6 is a top view of another semiconductor device 
according to .the preferred embodiment 1 of the present 
.invention; 

Fig. 7 is a .top view of the semiconductor device 
according .to the preferred embodiment 2 of the present 
invention; 

Fig. 8 is a top view of the semiconductor device 
according to the preferred embodiment 3 of the present 
invention; 

Fig. 9 is a top view of the semiconductor device 
according to the preferred embodiment 4 of the present 
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invention; 

Fig. 10 is a top view of the semiconductor device 
according to the preferred embodiment 5 of the present 
invention; 

5 Fig. 11 shows the stabilizing circuit of- the 

semiconductor device according to the preferred embodiment 
5 of the present invention; and 

Fig. 12 shows a relationship between the frequency . 
which is used, the maximum gain and the stability factor 
10 according to the preferred embodiment . 5 of the present . 
invention . 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Preferred Embodiment 1 

15 Fig. 1 is a top view of a semiconductor device 

according to a .preferred embodiment 1, which is generally 
denoted at 100. The semiconductor device 100 is a high 
power FET for use in mobile telecommunications, and used in 
a frequency range of mainly 0.8 GHz through 2.4 GHz. 

2 0 The semiconductor device 100 includes a semiconductor 

substrate 20 of Si, GaAs or the like. An active region 21 
is disposed in the semiconductor substrate 20. Disposed on 
one side to the active region 21 are gate pads 1 and source 
via holes 2, and disposed on the other side to the active 

25 region 21 are drain pads 3 and source via holes 2. 
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On the active region 21, there are a plurality of 
cells 22 f in which a source electrode 4 and a drain 
electrode 6 face each other across a gate electrode 5, are 
arranged approximately parallel to each other.' One cell 22 
is formed by one set of the source electrode 4, the gate 
electrode 5 and the drain .electrode 6. Adjacent cells 22 
share the source electrode 4 or the drain electrode 6. 

The source electrodes 4 are connected with the source 
via holes 2 via source air bridges 11. The source via 
holes 2 are connected with source electrodes • (not ■ shown), 
disposed on the back surface through the substrate 20 . • The 
source electrodes are normally grounded. 

•Further, the gate electrodes 5 are connected with- a 
gate wire 13 and further with external connection pads. 10. 
The* external connection .pads 10^ are used for connection 
with gate electrodes or the like of other chip by wire 
bonding or for stabilization by means of connection with an 
external . RC series circuit in an effort to prevent 
oscillation. 

As source pads 1 and drain pads 3 are connected with 
an external circuit by bonding wires in the semiconductor 
device 100, the semiconductor device 100 can be used as an 
amplifier for instance. - 

The electrode width Wgu of the source electrodes 4, 
the gate electrodes 5 and the drain electrodes 6 (which is 



the length along the vertical direction in Fig. 1). is from 
about 0.5 ram to about 1.2 mm, the electrode length of the 
source electrodes 4 and drain electrodes 3 (which is the 
length along the horizontal direction, in- Fig. 1) is about 
10>L6m, and the electrode length of the gate electrodes - 5 is 
from about 0.1/i.m to about 1/xm. The horizontal width (the 
width of the shorter sides) of the cells 22 formed by the 
source electrodes 4, the gate electrodes 5 and the drain 
electrodes 6 is about 40/Xm. 

In the semiconductor device 100, the source via holes 
2 are provided on the both sides to .the active region 21, 
.and the source electrodes 4 disposed in a parallel 
arrangement .within the active region 21 .are connected 
alternately with the source via holes 2 which are disposed 
on the opposite side across the active region 21. 

The directions of currents flowing from .the source 
electrodes 4 which are formed in the active region 21 to 
the source via holes 2 therefore are alternately opposite 
to each other. This corresponds to alternately reversing 
the sign of mutual inductances Ls between the source 
electrodes 4 . 

Fig. 2 shows a result of calculation conducted on a 
relationship between the number of cells which are included 
in a conventional semiconductor device and a source 
inductance Ls per cell, calculated as for Wgu = 1.2 mm. A 
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wire model was used for the calculation, and the 
calculation was made considering mutual inductances between 
the respective wires. 

In short, where the symbol d denotes a distance 
between a cell, i and a cell j which .are two mutually 
adjacent cells and the symbol L denotes the length of the 
wires, a mutual inductance Lij of the cell i relative to 
the cell j is expressed by the following equation 1: 

Lij = ( 1/2 77:) • Mo • [L • In (L + /"{ (L^ + d') /d}) 

- 7^ (L^ + d^) + d] (Equation 1) 

In .the event that a plurality of cells are ■ synthesized, 
a voltage Vj of an FET forming the cell .j- is expressed by 
the following equation 2: 

Vj = Lj j Ij +• ZLji • li (Equation 2) 

where the symbol I'j denotes a current. 

Assuming as first-order approximation that Ij remains 
the same throughout all cells, each cell's inductance L(j) 
is expressed by the following equation 3: 

L(j) = Lj.j + iLji (Equation 3) 

It is seen in Fig. 2 that an increase in the number of 
the cells greatly increases the source inductance Ls of the 
semiconductor device which includes these cells. An 
increase of the source inductance Ls leads to a reduction 
in maximum gain, thereby consequently deteriorating 
characteristics of the semiconductor device. 
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Meanwhile, Fig. 3 shows a result of calculation 
conducted * on the dependence of the source inductance Ls 
upon Wgu within the semiconductor device. Measured along 
the horizontal axis is Wgu and measured along the vertical 
5 axis is the source inductance Ls . It is. seen in Fig. 3 
that when the electrode width Wgu increases/ the source 
inductance Ls increases remarkably. As mehtione"d . above, an 
increase .of the source inductance Ls leads to a reduction 
in maximum gain, thereby consequently deteriorating the 

10 characteristics of the semiconductor device . 

While' a first approach to obtain a high. power output 
may be means which :increases the number of cells, and a 
second approach may . be means which increases the electrode 
width Wgu as described above, any means reduces- the .maximum 

15 gain. 

Fig. 4 shows a relationship between the number of 
cells which are included in the semiconductor device 100 
according to the preferred embodiment 1, in which the 
directions of currents flowing from the source electrodes 4 

20 to the source via holes 2 are alternately opposite to each 
other, and the maximum gain. Meanwhile, Fig. 5 shows a 
relationship between the number of cells which are included 
in such a conventional semiconductor- device, in which the 
directions, of currents flowing from source electrodes to 

25 source via holes are constant, and the maximum gain. In 



Figs. 4 and 5, the horizontal axis denotes the frequency of 
the semiconductor device 100 and the vertical axis denotes 
the maximuin gain (MAG / MSG) . 

In Fig. 4, as the . number ■ of the cells which are 
included in the semiconductor device increases from 1 to 4 
and further to 8, the maximum gain, increases. On the 
contrary, in. the conventional semiconductor device shown in 
Fig. 5, as the number of the cells increases from 1 • to 4 
and further to 8, the maximum gain decreases. ■ 

In the case of the semiconductor device 100 according 
to the preferred embodiment 1, as • the directions of 
currents carried .by the source electrodes 4 are- alternately 
opposite to. each other, mutual inductances developing - at 
the source electrodes 4 are offset. -Hence, even when the 
number of the cells is increased, the source inductance Ls 
of the semiconductor device 100 as a whole decreases, and 
therefore, it is possible to increase an" electric output of 
the .semiconductor device 100 without decreasing the maximum 
gain. 

Further, in the semiconductor device 100, since mutual 
inductances developing at the source electrodes 4 are 
offset each other as mentioned above, even when the 
electrode width Wgu is increased, the maximum gain of the 
semiconductor device 100 does not decrease. Hence, it is 
possible to increase an electric output of the 
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semiconductor device 100 without decreasing the maximum 
gain. 

In the manner described above, in the semiconductor 
device 100 according to the preferred embodiment 1, as the 
5 • number .of the cells which are included in the semiconductor 
device 100 is increased or as the electrode width Wgu is 
increased, it is possible to increase an electric output of 
the semiconductor device 100 without decreasing the maximum 
gain. Since it is possible to obtain a high power output 
1.0 without disposing. a synthesis circuit outside the 
semiconductor device 100, it is possible to reduce costs. 

While th-e preferred embodiment 1 is directed to an FET, 
other transistor such as an HBT .may be used instead of an 
FET. In addition, the number of the electrodes connected 
15 with the pads is .not limited to that- according to the 
preferred, embodiment 1 . 

Fig. 6 is a. top view of other semiconductor device 
according to the preferred embodiment 1, which is .generally 
denoted at 110. In Fig. 6, the same reference symbols as 
20 those in Fig. 1 denote the same or corresponding portions. 

In the semiconductor device 110, a plurality of source 
electrodes 4 formed on an active region 21 are connected 
alternately with each one of source via holes 2 which are 
formed above the active region 21 and source via holes 2 
25 which are formed below the active region 21. Hence, the 



directions of every two currents flowing from the source 
electrodes 4 to the source via holes 2 are alternately 
opposite to each other. In this structure as well, mutual 
inductances developing at the source electrodes 4 are 
offset and the source inductance Ls of the semiconductor 
device 110 is reduced. 

As long as mutual inductances are offset by. each other, 
the directions of 'every three or more currents carried by 
the source electrodes 4 may be changed. Further, the 
number of the. source electrodes 4. connected with the source 
via holes 2 may- be changed.* 

• In the semiconductor device 110 in particular, the 
horizontal-direction space (horizontal width) of the. source 
electrodes connected with one source via hole 2 is. equal to 
or narrower than the horizontal width- of the source via 
hoie 2. Hence, as compared with a semiconductor device 
described in JP, 10-233404, A, distances between the source 
electrodes which carry currents- of the opposite directions 
are shorter and the effect of offsetting mutual inductances 
between these the source electrodes enhances. This reduces 
the source inductance Ls of the semiconductor device 110 
even more, and increases the maximum gain even further. 
•Preferred Embodiment 2 

Fig. 7 is a top view of a semiconductor device 
according to a preferred embodiment 2, which is generally 



13 



denoted at 200. In Fig. 1, the same reference symbols as 
those in Fig. 1 denote the same or corresponding portions. 

■ In the semiconductor device 100 described above, there 
are the source via holes 2 disposed on the both sides to 
5 the active region 21 such that the source via holes 2 face 
each other across the active region 21-. In contrast, in 
the semiconductor device 200 according to the preferred 
embodiment 2, source via holes 2 are disposed facing gate 
pads 1 or drain pads 3 but not facing each other. 

.10 Use of such a . structure shortens the lengths .of source 

air bridges 11 which connect the source via. holes 2 with • 
source electrodes 4, decreases the source inductance Ls, 
and increases the maximum gain. 

Since . the horizontal width of the source electrodes 

15 connected with .one source via hole 2 in particular is equal 
to or narrower than the horizontal width of the source via 
hole 2, it is possible to form the source air bridges 11 
along the longitudinal direction of the source electrodes 4 
(i.e., a source electrodes width direction), 'decrease the 

20 source inductance Ls of the semiconductor device 200, and 
increase the maximum gain. 

Further, in the semiconductor device 200, there are 
more source electrodes 4 which are connected with the 
source via holes 2 which are adjacent to the gate pads 1 

25 than source electrodes 4 which are connected with the 



source via holes 2 which are adjacent to. the drain pads 3. 
More specifically, three source electrodes 4 are connected 
each with the source via holes 2 which are adjacent to the 
gate pads 1, whereas two source electrodes 4 are connected 
each with the source via holes 2 which are adjacent to the 
drain pads 3. Since a drain wire 12 carries a larger 
current, than a gate wire 13 and is wider than the gate wire 
13, the source air bridges 11 over the drain wire 12 are 
longer and have a parasitic inductance. Since the 

semiconductor device 200 uses a smaller number, of source 
air bridges, 11 which are over the wide drain • wire 12, . the 
source inductance Ls is" reduced and the maximum gain is 
increased. 

While three source ■ electrodes 4 are connected each 
with the upper-side source via holes. 2 and two source 
electrodes 4 are connected each with the lower-side source 
via holes 2 in Fig. 7, the number of the source electrodes 
4 connected with ' the source via holes 2 may be different 
from these . 

Preferred Embodiment 3 

Fig. 8 is a top view of a semiconductor device 
according to a preferred embodiment 3, which is generally 
denoted at 300. In Fig. 8, the same reference symbols as 
those in Fig. 1 denote the same or corresponding portions. 

In the semiconductor device 300, there are a gate pad 
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1 and a drain pad 3 disposed such that the gate pad 1 and 
the drain pad 3 face each other across an active region 21. 
. In addition, on the other sides of the active region 21, 
there are source via . holes 2 and 2' disposed across the 
5 active region 21. On the active region 21, source 
electrodes 4 connected with the source via hole 2 and 
source electrodes 4' connected with the source via hole 2' 
are disposed alternately across drain electrodes 6. Air 
bridge electrodes 16 are disposed on the source electrodes 

10 4 and connected with the source electrodes 4. by air bridge 
piers 15. In a similar manner, air bridge electrodes 1.6' 
.are disposed on the source electrodes 4- and connected with 
the source electrodes 4' by air bridge piers 15'. . As shown 
in Fig. 8,.. the air bridge electrodes 16 are disposed closer 

15 to the gate pad 1, while the air bridge electrodes 16,' are 
disposed closer to the drain pad 3. • 

Having such a structure, the semiconductor device 300 
ensures that currents flow in the opposite directions 
between the source electrodes 4 and the source electrodes 

20 4'. Hence, with the source electrodes 4 and the source 
electrodes 4' disposed alternately, mutual inductances are 
offset. As a result, the source inductance Ls of the 
semiconductor device 300 is reduced and the maximum gain is 
increased. 

25 Further, the left-hand side source via hole 2 is 
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disposed above so that the left-hand side source via hole 2 
is closer to the air bridge piers 15 and the right-hand 
side source via hole -2' is disposed below so that the 
right-hand side source via . hole 2* is closer to the air 

• 5 bridge piers 15*, and hence, distances between- the side 
source via hole 2 and the air bridge piers 15 and distances : 
between the side source via hole 2' and the air bridge- 
piers 15' are short. As a result, the source inductance Ls 
becomes even smaller, which in turn further increases the 

10 maximum gain. 

Preferred Embodiment 4 

Fig.. ..9. is a top view .of a semiconductor device 
according to a preferred embodiment 4, which is generally 
denoted at 400. In Fig. 9, the same reference symbols as 

15 those in Fig. 1 denote the same or corresponding portions.' 

Except for structures of air bridge electrodes 17 
which connect between the source electrodes 4, • the 
semiconductor device 400 has a similar structure .to that of 
the semiconductor device 300 described above. 

20 In the semiconductor device 400, all source electrodes 

4 are connected in series by the air bridge electrodes 17. 
The air bridge piers 15 connect between the air bridge 
electrodes 17 and the source electrodes 4. 

As shown in Fig. 9, the air bridge electrodes 17 are 

25 disposed closer to a gate pad 1 and a drain pad 3 
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alternately. As a result, the directions of currents are 
opposite to each other between adjacent source electrodes 4 

Using such • a structure, the semiconductor device 400 
offsets mutual* inductances between adjacent source 
electrodes • 4 . This reduces a source inductance Ls of the 
semiconductor device 300 and increases a maximum gain. 

Although the preferred embodiments . 3 and 4 are 
directed to the semiconductor devices 300 and 400 in which 
the source via holes 2 and 2' are disposed on the both 
sides of the active region 21, the plurality . of 
semiconductor devices 300 and 400 may - be disposed 
repeatedly- along the vertical direction and the horizontal 
direction. - . . 
Preferred Embodiment 5 

Fig. • 10 is a top view of a semiconductor device 
according to a preferred embodiment 5, which is generally 
denoted at 500. In Fig. 10, the same reference symbols ■ as. 
those in Fig. 1 denote the same or corresponding portions. 

In the semiconductor device 500, instead of connecting 
all source electrodes 4 with one gate wire 13, source 
electrodes 4 are divided into a few groups and connected 
respectively with, gate pads 1 which are connected with a 
gate wire 14. The' gate pads 1 and the gate wire 14 are 
connected by resistor wires 9. Further, external 

connection pads 10 are connected with the gate wire 14, and 
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by wires 7 of gold or the like, the external connection 
pads 10 are connected with a capacitor 8 which is disposed 
externally. Other structures are similar to those of the 
semiconductor device 200 according to the preferred 
embodiment 2 described earlier. , ■ 

In this structure, each gate pad 1 is connected with 
the gate wire 14 and a circuit structure as that shown in 
Fig. 11 is realized by a resistance (Rgs) and a capacitance 
(C) , and therefore, the circuit is stable. 

Fig. 12 shows how a frequency which is used, a. maximum 
gain and a stability factor (k) relate to each other when 
the value of the resistance (Rgs) is varied :from 20 to 30, 
40, 50 and then to 60 ( Q ) . 

In Fig, 12, while Rgs is at 30 through 40 Q , the 
stability factor k stays at 1 or higher at 1 GHz while 
maintaining a maximum gain which is obtained at. 2 GHz. In 
other words, the -maximum gain is. reduced within a low- 
frequency range of 1 GHz or lower, and the circuit becomes 
therefore stable. 

Further, since the semiconductor device 500 realizes 
stability at each gate pad, oscillation attributed to an 
internal loop between the gate pads 1, an internal loop 
between cells or the like is suppressed. 

Unlike in a semiconductor device described in JP, 
2001-44448, A, a capacitor is not provided for each cell in 
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the semiconductor device 500 according to the preferred 
embodiment 5. When a capacitor is not provided for each 
cell on a semiconductor substrate of GaAs or other 
expensive material, the area sizes of the capacitors need 
5 be small due to a cost constraint, and therefore, the 
capacitances of the .capacitors provided for the respective 
cells, must be as small as about 10 pF or smaller. On the 
contrary, in the semiconductor device 500, these are 
-connected with the gate wire 14 via the resistor wires 9 

10 and then connected en masse with the capacitor 8.- This 
permits, to connect by means of a . capacitor whose 
capacitance value is 100 pF or more. Hence,;, it is possible 
to stabilize the circuit even within a low-frequency range 
and prevent parasitic oscillation within the low-frequency 

15' range where a high gain is obtained. 

. While, the resistor wires 9 are provided each for each 
gate pad 1 in the semiconductor device 500, the resistor 
wires 9 may be provided in other units. In addition, 
although the external connection pads 10 are disposed on 

20 the both sides, the external connection pads 10 may be 
disposed only on one side or only at one position at the 
center. 

Further, while the external connection pads 10 are 
grounded via the external capacitor 8 in the semiconductor 
25 device 500, the external connection pads 10 may be grounded 
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via an MIM capacitor which is formed on a semiconductor 
substrate 20. 



